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ENGINEERING & OPTICAL DIVISION KV‘E‘?7 THE PERKIN-ELMER CORPORATION

ABSTRACT

This proposal outlines tbe design appreach which
would most adequauly enco-pus the specifications and

pcrfomm requtmenc for the Panoranic canera des-

ctibe§ invtha ptopo-al;:uquogt~HCLR:&BL.» -

pttm. spccial attoation has been pud to the mnstic ‘

4l

, ‘and pﬁctiul xutboda o! oynchroniution neceeury 1n
: auch s scanning system and to the teuabutty and dura-
bility of the finished pmduct. In the d’avolopueut’ of
the configurngion. weight was given constant cnnsideta;

tion, and particular emphasis vas plcced' on simplification

of the stabilization system,
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ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

INTRODUCTIONR

In our technicil ipptocch to ﬁhia developnent;

___have bean guided by tvo basic conaidautiou: 1 ) tho Atr ' S | /. .

"Forca s reqnimento u“‘jnunciated by the speci cation and

I:hn biddors' briefing, and 2.). m cut.a 'oz ‘the au_&htch

| .."’ve b'ueve 1s achievabl jdurina che wulchh‘ttu; extod.

years advances m the technology of

Ih' feéeht

_esign. in stabilization tech- U

o ﬂlm nsnu!acture, ‘in opt ca. ;
‘niquas, and various ot:her aspecta of aerial photographic
aystem design have made posaible grea: strides in the im-
provement of photographic systans. It 18 now possibla to
design and mam;facture systems which are ‘cépabl'e of gathering
a greaé deal morae iq_ﬁomation per pound of equipment waeight

than was possible even a few years ago.

| An aerial photographic system is always slightly
poorer than its weakest link. If one atérta out with &
given resolving power in airborne use as a 30.1. thﬁ the
resolving power of tha film and lens munt be greater than
tha: goal. In sddition, the stabilization must be dome to
an accuracy vh:leh does not degudo the resolution ot the
lens-£film counbi.nation to any large degree. The image motion
compensation nust be hlfl yithln apgll limits. The shutter,

ENGINEERING REPORT NO. 5266-A : PAGE 2
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1f one is uployed mut not degrade the hn;c to any appre-

ciable extent. In short, the dcaudatlon of the various com’

ponents must be miuimizod,

za

: In emining the lpceiticatiou tot this plrtieulcr

lyoten, 11: b conu evidon: that e grue dul ot enpbuu mut

be Plff¢dron :h. uechantcal dc-isn 1n of"’*‘° ‘”°1‘ ‘*““"‘i;ﬁjn5~ﬁsf o

| 'f}j""""deg'“ ution of the inhorcnt ruolving pmr ot thc lou-fﬂn

==

. . .
‘ .

‘rhe nechaniul upact. of thia lyltem. oueh u fun

ttmport, umse motion co-peuation, lubiliution. ttc..

L]
-

mut be "quiet”, that u. have iery little vibration.

4.‘ Thc entire lyu:en nmat be teliahle and mt be.}

controllable by the operater in an easily comprehended mammer.

Perkin-Elmer has had a rather unique experience in

fhd deugn of high acuity pho:ozuphie systems, pcrﬁ"éu'hrly

panoremic. The E-1 innoulic camers, designed and built by

Pefkin-!lmer, produced results which at the time vdemon~« -

“::

strated: a significamt utvuié.i in the state of the art of aerial

pln‘to'graphy. More recently we have duigﬁd and preduced a num-

ber of small panoxamic cameras, known as the Model 501, which .

are producing excellemt results in fught'. With these cameras

%:'Wu_s

we have regularly obtained results on film in the air well
ENGINEERING REPORT NO. 5266 -A PAGE. 3
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in excess of 40 1/mm.
Ve feel that our own experience at Perkin-Elmer in
the design and manufacture of high acutvty optical:systems and
| in the deaign and nasmfaeturo of panoramic caneras !.a nost cp-

plicable to this dnvalopnent., Our repntation hal been built _ .

Taand

on our eapability 1n otganizin; and manngins onch eouplex opto- '
olectronic mechaniealﬁcystems._ ﬂc do feel that ‘thers ars othor /

fine a group of technieal apeculiota aa ewld be ;.u‘;mbled. g
Ae:oﬂcx has hed eonaidereble experience in the arec of tto--
biligation of photograph;e systema. Cbicago Aerial Industriea
has also had envieble eip'erienee fn the area of caners qynemo

coutrol,

We tharefors propose to n_uihle a tesa consisting
‘of Perkin-Elmer who will act &s prime contra&or and system
menager; The Aeroﬁ‘u Corperation who will develop the sta-
bilizetion equipment and the themmal barrief; and Chicago
Aerial Industries, Ine., who will develop the camera comtrol
eystem, We believe that the combined experisnce of all tl;rea
companies will éublc Perkin-Elmar: to prodncé s panoremic
system which vill signifiuntly advance the state of the
art of daylight photographic reconnaissme. ‘

ENGINEERING REPORT NO. 3266-4 e A PAGE *
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DISCUSSION - SCANNING SYSTEMS

General

E :A;i’ig

In conaidering the cpccificationo of the E-2 ctnera,

:special conaidoration has to be siven to clnont all the fcctota

;ffwhich hitherto have bceu considared only separatcly, dus to the

' ents.{

Thil consolidation of :ul”.}}‘;

2
§
D&
§
3
a
-
3
.‘.
-
8

A‘ffprinciplea. Fotcmost‘lno'

. °°°¢°Pt 1n vhi.eh all aovinz

| ’féiconniderution hns deve P

‘ "}_parta are continuously functioning'to elininate itlrclng or ltop-
a - | ping shocks vhich usully :eult 1:\ image desradltion and resolu~ '
tion loss. The high accuracy oi the stabilizution tequirel that
) 1: be eonsidered at the outsct as. part of the 1ntogr¢1 configurat-
g’ - ion deaign, instead of as an accoaaory, as is 8o often the case.

Townrd this end, the opticcl equipmont design -hould be auch .as

to locate the center of 3rnv1ty 1n space, affording accenl for

‘ a stabilization system knuckle joint suspension instead of

conventional gimbals.

lg | An important asset of such a desigh apptgach is the

i sreat saving of weight and size. 'Syhmétry of the.conftgutltion,

. as vall as size and weight, are calient factors vhich must govern
- - destgn. 81mp11c1ty of design, as wvell as a ninimun quantity and

size of optionnl elemants, especially mirrors which are prome to

= o vibration effects, is impértant. A rational approach is necessary

J ENGINEERING REPORT NO. 5266-A ' , PAGE &
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. with regard to ease of fabriéation, assembly and aligmment, with . o

particular atteantion paid to & systea design which has its eritical

dimensions and chaucteriatiéd built in. And, fimally, the aspect
of ease of opeution‘and maintenance has to be kept in ni.‘nd.

. ‘uth these principlu al guides. cylta duign vas
!

attempCed. 'rhroughout! he’ stbdy, mnny diffcrent conﬂgvuttou de-‘.vlf' )

eventully dilcardod, but vhich bronsht'ﬁout G

rt' of the H.ul deoign approuh.

_.veloped vhl.ch vcre

B feature: ult.hutely em

8 'rhetequim ontinnouuly noving-ﬂln and lctnningj,_ R '

elment.vhen a ncanning prisn 13:‘ used calln tot.a@priu,duty cycle ST

| approaehi.nz 1001 SInca, to achiove a 180° pmtuic .waep, ;hg
- . prism must rotate only. 90° fout picturan pet prisn toution are )
necessary in order to mu.nuh a £u11 duty cycle, With one leu
~ and one pricm, this conditlon boccnaa phycicnlly meouible. 'nm
therefore leads to either of m pouibilitin; one lens with two

piisms 90° out of phase with uch other, or two lenaea vith one priesm.

A version of the first alternative is shown in Pigure 1.

.In this scheme the full dﬁty cycle is eseentially satisfied, since

there can be continuous film trngaport with lcaﬁa nade'iltctnntely
‘through prisms Pl and P2. To & lirxe measure, the design satis-

fied the objectives. the fontgre which disceurages 1tu‘use is

primarily the weight of the two prisas. They are necessarily

large in size since they have to.bc located at a censidsrable die-
” tanca from the entrance pupil of the lens and are, becsuse of their

size, very difficult to nlke. considering the quality roquired.

ENGINEERING REPORT NO. 5266 -A PAGE 6
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v/

The two prisms in this case would use up about two thirdl of
the vcight allowvance for the nttre system, Anothcr feature

vhich can be more easily accommedated than the huvy prisms,

_but which {s nevertheless undesirable in an {deal system, is

the mirror M3 which is used to svitch from one ucduing bean

to the other._ ‘l‘hc 'novencnt ol tlun -trror 1. 1ntarn1ttcnt and N

‘ "":"-; 1.1?‘,~“’, 1e apptoaeh; of?tvo lcming mbon caa':be uku
one otep furthcr. Ito prhury objcction, vcight, can bc rcduod

by the use of ocnning nirrou uutud of prino, as showm £n

' Figure 2. However, a scanning mirror _vﬂl produce image rotation
~with respect to the 1ine of scan. To eliminate this objoetin,

- a derotation prisa, in this case & double-dove pi'in, must be

incorporatod,' as shown in the figure. This prism is of mere
reasonsble size, being placed close to the lens. Here again '“

a workable systean vhich, with some excgptions, obeys .thc previous~
1y discussed design features. An added complication is the necess-
ary coordination of the rotation of the prisa vith that of the
scanning mirrors and film. However, the largest problem lies in
the ability to rotate the two _umtug mirrors M; and M, accur-

ately enough, since the locatien of the switching mirror Ms be-

tween them precludes the use of a common shaft. The transient sheck
effect from the iwitehing airror remains a_probla, as in the first

systen.

ENGINEERING REPORT NO. 3266-A : ' PAGE
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ENGINEERING & OPTICAL DIVISION® KVE THE PERKIN-ELMER CORPORATION

In considering what changes would have to be imcorporated
in order to make either or both of the above acceptable, and in
teilewing each objection, it be;omea obvious under vhat‘condi-

tions these‘approachea become iuitablo. The priiaiy oijéction,

'ecpecially vith respect to- -ystem 1 is veight and ltze. This

5:icteaae of priam aize, the vuight he ' b2
fnch focal length case would be woll vith:ln meraue unue. and

the system would be a very faasible one,

The net effect of the evaluacton of these two systems,
' based on two scanning elements and one lens (Figgrel 1 and 2), in-
dicates that they, as shown, are not of sufficient merit for the

design solution if their shortcomings can be overcome with a

different approach.

The remaining case to consider is with the use of one
prism and two lenses. However, prior to that discussion it would
be well to first evaluate the case which departe from the full
duty cycle (econtinuous moving fil-) condition, There are in this
approach several design variations, all characterized by a

temptihg himglicitz. See Pigure 3. This {is the approach which

PAGE 8
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ENGINEERING & OPTICAL DIVISION - THE PERKIN-ELMER CORPORATION

has bee; £ol}§upd foflthﬁ most part uatil now for most convention-
al panorcmic:?imerna.; The original E-1 panoramic camera and the
Perkin-Elmer Model 501 Trackers were both based on this system.

It employs esseﬁ;inlly a rotating sccnniﬂg prismn coupled with an
intemittent film drive. The maximum scanning duty cycle in such
a::system 18 necessarily limited to 504. This would require faster
scan rates to meet the desired épecificatiéns. It would also neces-

sitate the acceleration of film from a atbpped position to a high,

| yet constant velocity, The specification which most seriously limits

us in this_caaeviauthe rapid seﬁuence required of 1 scan per second

(vhich we have eonsideted important). It is doubtful that vumc-

- iomnal trnnsienta affeccing the 1nterna1 optical parta and the ex-

| ternnl ltabilisation could be dnmped out An lcaa than several '

These objectionn, in th light of cnrrcnt npectficltions,:hft,;f;f o

.'cystcn fton furthor eon-ﬁff&;

Tha'pruvtoualy nentionad cclc of one pritn Cnd tuo

| lensea remnins a8 a poaotble solueion. A configurntion 1- lhown

‘in Figure 4, It bacomes 1nned1¢t01y appcrent that the uui;ht prob-

lem of the pricn is no langcr a factor. S5ince the lenses are closc
to the prism, the prisa can be smaller and, in addition, there is

only one prism instesad of the two used in system 1. Here too there

ENGINEERING REPORT NO. - 52664 PAGE 9
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is a minfonm number of reflecting elements, only the one mirrér
» : being used in each opticel system as normally required for image
| erection. There is no flip-flep mirror to induce shock, and all
[ functions are continuous. The system truly ‘uau to adhere to

[ | every aspect of the design approach objectives.

i'- . ~

Some specific features in detail are worth noting in

P considering the system of Figure 4.

1. The lenses are placed at such angular positions

that an active scan from each in turn s accomplished without over-

PENSLS
2% e

lapping of duty cycles. The prism of Figure 4 {s shown at the ti.-uu-
ition point between the start of sced for lens L1, and the end of |
scan for lems L2. The chosen positions furthermore are such that afT
a 150 degree truu‘ver‘u fiold»l of viév 1s scanned by each lens

ccnbinod with the pr!.m.

- _ , 2. 'rho magu fran tha tvo halvu of thc optieal oyuuu

AN

7 o | . the dual'bcnc ntc reeoabined diucuy" on thc filn withnt ulupla
o ,gn-orl or huvy “cingtug p.:t.. o

' S 3. The dcployneut of the 2 olltl along the film path serves

to conpdaute for the unsymmetrical angular placement of the lenses

so that the speces between frames are equalized on the film.

4. The divarguit optical paths provide an oppertunity for -

Lew @ light-veight suspension system for sﬁbinnticn in the unoceupied

central region. A naturally symsetrical system is a further advan-

e

tage.

10
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5. Dual usage of the prism is ebtained, with many
_congequent advantages, including mearly 100% duty cycle, film
speed during scan reduced to 1/2, and smooth continuous motion
of all meving parts. The best conditions are thus pfovided for
meeting the requirements of symchroniszation. PFurthermore, the
efficient duty-cycle figuro is in line with the strong ndeaira for

a system capable of recording maximum i{nformation per pound.

There are two unique problems with this system, both
having solutions. One is a limitation of the angle of scan, due
to blockiﬁs of the prisa lingopfoat;ht by iho lens mounts. This
bloeking occurs only in the neighborheod of the limits of the re-
quired 150 degree ican, and uy amount to one f-stop 4{f not cor-

_nctcd. Since the intcrfcrme occuu vtth an unuud portlon ef ‘

the front 1m clmt it 1. ontlroly fouiblo to ruovo a portlon

;.pieturu i.n mcouion vith a lhorc hpu bofote thc mt pair : ”
of expomu. m- condition u tnhcuat bccauu of tlu necd u :'
place tlu lauu at somevhat less than 180 degrees apct. The
image overlap can be corrected u-ply by a small fixed displacement

of the lens axes relative to the center of the format. (fae

Optical System Details)

The arrangement as shown {n FYigure 4, vith lenses arrsnged ,

ENGINEERING REPORT NO. 3266-A page 11
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150 degrees apart, is considered the best balance between the

usage problems of coverage and overlap.

We consider this two-lens continuouc-duty concept to

be a significant advancement, providing a unique combination of

functions vhich are basically simple, therefore predictable.

The foremost problgm of dynsmic optical scanning; the

use of intermittent mechanisms {s completely eliminated.

ENGINEERING REPORT NO. 5266<A : ' PAGE 12
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OPTICAL SYSTEM DETAILS

Some interesting effects result from the optical
geometry of the proposed system. Figure (S) is a development
of the optical system showing the two lenses, the optical axes
of each making an angle 9 with the horizontal, a'gd the two
positions of the mirror surface of the rotating prism at which
‘the nadir falls on the optical axes of the lenses. These posi-
tions are marked (1) and (2). The mirror rotates with a con-

stant angular velocity¢ in rad/sec.

8pacing of Successive Film Frames A
The angular displacement of the.ﬁrim between

sueceasive exposures is then%r + arndima, and since
- the mage scan Angle is tvice the prim acan anglo, the
cnaular displacement teferred to the filn is . 77' :t Z 9“

S ",may be equalized The required diatance 13 2 9 ?
vhere F is tha focll Icngth of tbellena. ‘In t.hc duign
under connideration, o ~—— and F z 24 inches. (F:ig. 6)

ylelding a separation of 12.57 inches.

CaN

Sanitized Copy Approved for Release 2010/12/13 : CIA-RDP74B00752R000100100001-4
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J ———
/ . . /-(/' Y
LENS P2 008 MIRROS — LEASF/
# = &/

\[ “g' & ,\> -
\ __//’//

SwiTS (EQUALIZED SAACING)

G T
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The Time Interval Between FPrames
=== 2200 -‘nuterval Detween Frames

The time interval between successive frames is
At =

| 7 (64/)
In this design A t -is therefore /2 ¢

and the time intervals between frames (and therefore the

stereo anglep)alternate in ratio of 5 to 7.

~ Since any'selution which does not lead to con-
stant film speed and prism rotation is undesirable, the
alternatives are to reduce 9 to the lovest possible
value or to make 9 appear smaller by an optical expe-
' dient., We have celculated that the vignetttns problem :

will lead to a value of 5 of the . order of “z,z e

‘Optically 9 could be:'.mdat appewr

" the smllest poasible value of 9 coneistent vith the

vignetting consideratiou and in acceptins the reeulting

‘alternation of the stereo angle.

The Overlap on FPilm Prames

Since the stereo base or time interval between

successive frames alternates in the ratio of 5 to 7, 1t

ENGINEERING REPORT NO. 52664 : PAGE 14
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f} follows, 1f each lens 13 centered on the film center line,
: that the film overlap will vary alternately in the same

ratio. By parallel displacement of the lenses along the

.,-_

flight axis, so that the first lens looks slightly back-

ward and the second slightly forward, the overlapvon'the

[ ‘ film can be made constant. fSee Figure 7). For a 55%

| overlap, the image would be displaced 451‘of the f1ilm width
f. for each scan, or 907 for the full cycle interval of th

scans, Since the time intervals are in the ratio of 5 to . _ -5

7, the actual image displacements on film, in the case

before lena displacement, alternate between 37-1/2% and . . -

B s

52-1/2% of film width, Separation of the lenses by half

N ‘ - the difference (7 1/22) rcsults in equal displacamantu |

of 45% or the deaircd ovctlap of 551 ‘uThe displacement“ R

Fi - Prism Speed
3 ' _ A L - o
In our proposed design, the prism speed 96 is

- proportional to V/H.
KX
¢ H

- The constant K is determined by the desired over-

~

- lap ratio. PFor a two scan cycle of time T the prism will
ENGINEERING REPORT NO.  5266-A PAGE 15
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have rotated 77' radians while for a 55% overlap the picture
will have been displaced by 90% of the pieture width.(W). Thus,

90w _ Vvr _ VvTw® _ W

F = H @ -~ K

Therefore,

CTE Lo
A* g = %2 9671

and prism spead

¢ R.96 7 7%— radians/sec.

Image Motion Compensation

An examination of the geometry of the scan method
shows that the image mtion d‘s accurately sinusoidal with the |
" maximum velocity occurrins_ at the nadir.,,_ According to ‘the

relation

;vhere w ' 2 % ‘ siuce the

.- ;,\. ,'_-,-

"_ ‘ scanning angular velocity is twice the angulnr . )

" Since the ihoge “\;olocity at the»mdir is also

represented by g.l’, 1the two expressions my be ﬁ'quated

BN

2$d,
. F . aas
d, 2¢// iyl LRI inches
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The peak to peak amplitude will then be 2.58 inches.

[ The Lens Pield |

The diameter of the lems field equals the length of
: ' slit (9"), plus the lens offset distance (.675") plus the peak
. movement for IMC (2.58") for a total of 12.26 inches. The °
lens must be designed therefore for a half field angle of 14°-

fe 20°,

r : , Area-Weighting

The manner in which the film and lens field move

1
s mesd

with respect to each other results in the lens field coverage T

per frame illuatrated in Figure 8. 'This distribution results

¥ . . . in a considerably different area-weighting function for AWAR

{ . ) determination than that applied to a stationary field-to-frm S

relation. In fact the vgriation in reaolving power which_'

B

;the natural mnner_in which thc resolution falls off in a

' / ' “‘norml lens fiold resulting in a conaiderably more efficient
{ - ‘ | use of the high informtion-gathcring capacity of the center
of the field than is obtained in the usual static frme The
» reason for this is that the strip camera covers a much larger
portion of the frame area with the 'txatorally‘hi;hl cuality’

= center of the lens field than the static-frame camera.

H
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Optical Limitation_s on Image Qualit

Limiting resolution {s a good measure of the infor~
mation content denesity (bits of funformation per unit length)
stored by the lems-film combination. However, it depends on

the minimum gignal discriminable above the noise (graininess)

of the film, and therefore on the contrast of detail in the

image. This image contrast depends on the apparent conttut

of the object and on the contrast degradation of the leng-

film combination. The object contrast 1s generally indepen-

dent of detail size, but the lens-film combination will de-

grade the contract in the inage, tho degradation 1ncrea|1ng-

" as the detail size decreaseo.v”'

' , Pt;ute 9 1lluatrateo hov tho talntive performance

lof tvo differcnt photo;raphte syotena canwdepcnd ou the

<contrast of tho object being photographcd.A Aoeuning that _
‘-;‘the 1mazp contra.t thxeshold 1” tndepcndcnt of detailwslze,,v

' the horizontal dashed lines tndicate three thresholdc rela-ti;ff?‘

" tive to tho lens-film degradation characteriotic T1 beiug

'for relativcly hi;h object contrast, Tz for half tbe con-%L""’”uﬁv

trast for Tl, and T3 for half the contrast for Tz. At high

objact contrast system A is superior to system B, at inter-

mediate object contrast both will record the same amount of
information although B will give a sharper image, and at

low object contrast system B is superier.
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The choice between the two systems Qill depend on
the contrast comnditions of the objects to be photographed.
If the preponderance of objects will have medium to high
contrast, tybtem A vill be the better infornation-gatherer.
If the preponderance of objects will hape medium to low
contrast, over a period of time system B will gatﬁer more

information than system A.

. The most effective technique for aﬁﬁtyzing the
contrast-degrading properties ot a photographic system is
ohe in which the object element is a spatial sinutoidal
pattern. Any objeect can ba decomposed into jinusoidal ele-
ments by the application of rourier analyais, and the ¢con~-
trast degradation can be reinterprctod aa the reduction in |

N the amplitude of the sinuuoidal claucnt an‘a.function of

';itn spatial frequnncy. A najor advanta;e of thi. technique
f ic that tho optieal lyuten ‘and the tiln ean be cvaluatad |
independeutly cnd the pbrformqnce of the two predictod by
ainply -ultiplyin; their charactctiatico togother. rignro
10 ohcwn the nndnlation reoponae charactcrintics tor three

sanplee of different types ef fil-.

The modﬁlétion transfer characteristic of the optical
system i{s limited principally by three factors. These are

diffractien, secondary color, and aberratiom,

19
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The degradation due to diffraction is determined
solely by the relative aperture of the system and cannot

be improved.

Secondary color is under very limited control. Aay
attempt to reduce it by an appreciable amount will increase
the weight of the optical system and make the correction of

off-axis aberrations more difficslt.

The combined effect of diffraction and secondary
color will result in a degradation which can only be made
worse by the imtroduction of aberrations. Thus a calcula-
tion of the modulation transfer characteriatic of a systen
umited by diffracti.on and oocondary color, but vithout

‘ abcttatton, will ;1ve an upper ltnit vhicb can be approached

g .but not exceedod in thc dcolgn o£7the syntan.

.:‘vs this cutve aa well as one for a

';{systen linitcd by diffrac:ion 1n'thn abnence of aecondary

\

- color.i~xt also shows the ovorall systcn characteristic
" with typo 1182 filn vhon the abertationa of the optical

.UYItII are pcricetly corroctad. :

The amoun; of secondary eolor is for a 24-inch
focal length anastigmat. No refracting system known to
us having the required f/no., focal length, and field has

ippraciably less secoundary color.
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e

'necdndary eolor has pronptod us to inve:tigate its. 1nprova-

s B
USSR I S

5

g

It is apparent that the.dagradatlon resulting
from secondary color leaves very little margin for the
designer to work within. An attempt to maximize theAcurve
in the vicinity of 100 cycles/mn could result in a flate
tening of the curve at the intermediate frequencies pro;d
ducing a system like A in Figure 9, If the objects to be
photographed are generally of low centrast, it woﬁld be
better to naximize the intermediate region even though

thts night result in a high contrast resolution limit at

' lesa than 100 cycles/mm,

Thg seriousness of the degradation resulting frém

ment. rtgnrelz shows the 1nprov¢nant obtained by stopping

jtho lcau dovn, by reductng tho seeondary eolor, or by re-
_ducinz the spectral bandwidth.; Stopping th ’lens doun night

‘u?fbe cxpected to 1npr¢ve the 1nasﬁ 57 1““"‘“‘ the dcpth of

':i Lfocus, but thit gain 1. largely offact by the increased dif-...s;*

‘fractioa. Reducing the secondnry color by a factor of twa

i

the diffieulty in keoping down the aberrationo off-axil.
Reducing the spectral bandwidgh by a factor of tvo results éﬁ

in an appreciable gain at the cost of a doubling‘df either

the effective exposure time or the film sensitivity.

21
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Lens
We:have"in our possession a desigu which comes
close to the specifications required for this aystem. As
it stands now it is a 21:+" f/8 5-element lens desigried by
Dr. James G. Baker for a 9" x 18" format having a curved
field. Por a limited spectral region this lens can be

made diffraction limited. (Pigure 13).

-

The only major design modifications required for
this particular application are an esﬁhexic'field flattener
elosc to .the image surface, and possibly aspheric figuring
withiix the lens to maintain high image tjuality at the lafger
f/5.6> 'etop. '

.- We intend during the design etut!y period to

investisate the possibility of redueing the eecondary

WQ believe that the above pptoach to the pro-

{ | blen has a better chance for eucceas then any other approecb.

B RPN
! P LA

This statement is made recogniiing that practicel
weight and size restrictione rule out Schmidt type systems,

and that no deviation should be permitted in the field cover-

- age and aperture requirements.
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While this matter has been given considerable
fﬁ ' study during the course of this propo;al, we intend to

e do much more work in ;urwying the total optical industry
E for other optical designs that might be auiﬁable for t;e
requirement. Among other lens systems that have been

i brought to our attention are the Pacific Optical. 24" 1;6
{ and the 24" high acuity lens deligﬁed by Dr. Baker. We

3 will closaly coordinate all of our findings in this

turvdy vith the government ,contucéins officer.
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Prism
‘The prism dimensions for the f75.6 caméra are as

follows: The square transverse cross-section of the assembly {s

6.9 x 6.9 inches. The length along the axis of rotation is

10.8 inches. Tbere dimensions are for L!-Z‘glass. 'The weight

1s 59 1bs. A pair of full right prisms is required, that is,

Do truncation is allewable, because the application calls for

deviation angles which reach from 0 degrees to 150 degrees

and the full available aperture of the right prism is needed.

The mbﬁn:ing method will use the most advanced bonding tech-

nique to fasten metal bosses to the prism ends. The two halves a

will be held together ‘by Sol:i‘ng trunnions to the bosses. The

trunnions will be supported in bearings for rotation and coup-

iling to the drive system.;_ﬂ e

,snt Considerationa i

Lt
L

In a high resolution system of thia type, slit |
L ‘:width becomea limtted by an effect normally 1gnored since"

4this effect is usually of negligible order. Thia effect

"” 13 an’ apparent change in mnsnitication for off axis positiona.

Referring-to Figur;'lé ébnsidér a peint (A) in the
center of rhé slit at a distance Ro from the optical axis (o)
of the lens. The ray to the point m;kews an angle & with
the optical axis. The two points A and O correspond to two

points on the ground which subtend the constant cnglefél
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from the lens during the time of scan. A short time later,
after scanning throagf\ an angle A , the image,poinf:s are
moved to different positions on the film denoted by A' and
0' still subtending an angle 9 from the lens. The distance
A'0'=R=h tan 6 nh%ﬂ.

where h is the slant distance from lens to O'

and F is the focal length of the lens
The imge point of O has moved a distance w on the film.
From the geometry F = h cos d

Thus R=hRo=RoF = Ro_ =R secd
F F Cos&k coso\

The radial shift of the point AR is R - Ro = Ro (Sec &~ /)
:} which may be approximted for small values by Aﬁ =

R° 2 "“h d measured in radians. Bince w= h sin X 2
fow

F TF?
) It 18 evident that the 1mage hift isihdirectly propo,¢. DR

ha( the expression becomes A

‘ o tional to the distance from » enter'line of the'film f;' |

1-‘-,'and increeses approximatelyf as'a square law function o

.‘T,

! with the slit width '

Por an AHAR requirmnt 4of 100 llm. permi.ssi-

ble 1mge ghift at the edge of the fleld would be of the
order of 0.01/mm or .0004 inch.
For the proposed system the half slit width
, 0004 x (24)* —~
W = ‘U (2A4) = ./9
é./3
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Pad
The 8lit width 2W =— .38 inches.

' Trigonometrically, the permissible slit width is

.53 inches.

Since the maximum values of Ro sre encountered
only at extreme angles:'of scan where the picture will be
repeated several times due to reduced overlaﬁ, a larger
'slit width of the order of 5/8 inch is consi‘dered toler-

able. _ _ ' ,;K '

In examining thc atiove devel.opment‘of the‘eqna- .
tions relating to image shift during scan, it will be seen
that the' image shift ﬁould be antirely" elximinated if the .172;

slant distance (h) were a constant equal to the focal length

v.(!’_) This 1mp11es the use of a concave cylindrical' ﬁeld ’ .

g ;of radius :AFA"

setious limitations on the design of a‘: cylindrical field

' flattener. T

To sum ub, this effect of image shift effectively
establishes the maximum slit width for use with a flat fo‘ca'l
plane and poicts out the requirement for detailed optical

investigation into the use of a cylindriesl field flattener.

25
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Windows

There are special requirements for the 3-section
window (see Figure 4). The_material must be lens quality
glass, each section approximately 9" x 12" x 1" thick, with
edge design integrated with the window mount design. The ‘
surface figure must be #t least As good as 1/4 wave net for
both surfaces, over any 4" circle. Each individual’surfacg
should be flat within 1 wave over any 4" circle. In additiom,
wedge~compensation must be added to the two oblique windows
to correct for twinming caused by differential refraction in
the air path; due to pressurization. This twinning occurs iﬁ
uhcorrected systems at the section where the apertureiis split

through adjacent windows.

' 26
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Detail Features - Mechanical

Image Motion Compensation Mechanism

The wmc method most suitable is the translation of

each lens patallel to the flight direction in a sinusoidal '

" fashion. The alternate use of the two lenses eliminates the.  /

x

' problem of the necessary quiek-return motion vhich uould be

requited lf the entirevcamere were oscillated 1u the pitch
& [

Vdirection, end tileases thelstabilization system for pure _

| steadying actio The eqdi;ed“eotloo:fotdeyeEtulﬁéﬁled

' purely einueoidel.‘ Sincefthe entire‘cenora opetating speed E
is controlled 1n proportion to VIH the lens displacement
can be driven with cam fdllowers located at the correct pheee

: angle, worklng from a elngle precieion cam on the prism shaft.
This caﬁ is required to provide two cycles of harmonic dis--
placemeot et»the‘lenses, with an amplitude (1/2 peak to peak)

- of 1.29 inches, pet prism turn. Special care mqet,be taken
in the design of a kinematic suspension for eech:lens which
permits frictionless linear motion parallel to the flight
direction. The lens motions are such as to almost completely

counterbalance each other, .

The éoﬁoensetion achieved is without geometrical
compromises, and has its accuracy assured by built—in com-
ponent precision. The mechanical motions are smooth and
shockless and thus do not impose problems on other functions

in the camera system.
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Synchronizing Drive
‘The alle-important mechanical coupling between film drive ‘

and prism will receive careful attention in development. The

£
!
X

~ image must be displaced across the ,625-inch maximum slit width,

keeping pace with the moving film, and with a deviatioi not ex-

ceeding .005 m, ( 0002 1n.) This mt aumu eucntially Y i

constant velocu:y duferme, or. lov-fthueacy oaciuetory veloc-

u:y error. m perccnt aoeuruy requtted 1: 2 pattl ta 6250 or

.031 vhieh 1. a conurvauvc fizutc poulttin; r“olution of 100 . )

unu/— at btgh coutrut'

One approaeh' whl.ch chovs c:cellcnt preniu h eho uu ofl ‘

ii .,;i ‘\,i
AR I

.u bau and d!.sc 1ae.gnm loeated at the ﬂh capstan roucr and _

another at the prtn ahalt. The twe utegntora would divi.da thc

‘reduction ratio to the priqn betwveen them, and be coupled with a-

#
4

single ctiff shaft running at intermediate speed. The built-in

characteristics of this component are ideal for this aivylientioa.

5
-

The velocity error s excc{»timlly small vhen evaluated over small

v?.,'j

g

intervals of time. The ratio can be adjusted by control of ball-cage

position. The input and output shafts are conveniently at right

angles. l‘inaily, they are compact, standard components.

It 18 desirable that the abgolute ratio between film

é‘;g ~ ".)i

” roller and prism be monitored and corrected automatically during

*'* bopcratton of the camera.

&l It is sufficient to menitor at intervals of ome prism turn.
o A proaising method would be to count roller revo.lutiona‘ per prism
i
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turn and correct the ratio with the integrator ball cége input
in snall {ncrements umtil the comnt is exactly equal to the

design value of the shaft ratie. tor example, an effective
metering tollér diameter of Z’incheo requires an exact ratie

of 48 to 1.: Uling ﬁ(ckéff. and'conputing iechniquos, the

' re1¢t1ve phale an;le of a prism pulse is conpared with each /

48th roller pul' E'atio error can be brought towatd a

.u.

rhcr s 18 °an analngous nechantcal approach to the

.ratio-nanitoring system v 'ch?alao ahows ptomile. Thlt can-

sists of a diffcrential\gearod to tho rollet and prlln with
the exact 48:1 ratio builtvtato :ho gearing. Any rotation
of the difterchtggl output is a measure of ratio error} it
would be detected by sensitive svitches, and a correcting
pulse fed to the ball-cage stepping motor. The gearing of
the system carries low-level signal information only, and

thus will not load the tight main drive with gear noise. Fig. 15,

Other methods of accomplishing the drive coupling
are available, gome having much promise because fewer cem-

pouents are required. Among these are 1. pzecision open

loop friction drive with metallic cones (sinilar in funce
tion to bevel gears), 2. Pixed-center friction drives
using a rubber-tired roller against a metallie rollérv

(known a8 & "puck drive"), and 3. Menitored puck drive,

i
PAGE

”

9

Sanitized Copy Approved for Release 2010/12/13 : CIA-RDP74B00752R000100100001-4




s R |

o
&
Y

e

i

s

2

Sanitized Copy Approved for Release 2010/12/13 : CIA-RDP74B00752R000100100001-4

- ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

*

R \ _|zewr
\ ) MOTOR
| \
! P B . L //
<&
Y=/ LAY \
/ )
N’
VGG B, S SOEET LS
AL DB Tl COTC T SECVO
i I'E1 = 13
ENGINEERING REPORT NO. 5266-A PAGE 29-A

Sanitized Copy Approved for Release 2010/12/13 : CIA-RDP74B00752R000100100001-4




Sanitized Copy Approved for Release 2010/12/13 : CIA-RDP74B00752R000100100001-4

-

8
"] ENGINEERING & OPTICAL DIVISION "~ THE PERKIN-ELMER CORPORATION

__\

having a fixed-ratio mechanical feedback loop for longterm

. control of creep ratio. Figures 16, 17, 18.

The:first of the above is an unfiltered opea loop -
3 ) device depending on machining puciuon, ‘tin second ia a fil-

tered open loop device which depends on uniformity of load

and control of ambient._ The third aystem 13 immune to din--

. Iturbances of any teasonable amonnt, but also depends sono- :

_what on. control of ambient due to the resilieut elenentn of"ﬂ

Cthe fm,c_:.fj‘"??

The final choice of drive couplins betwuen £ila

" roller and prism nust result from study and development,

' and will be d.on_e with consideration of all problems of ae-

(72|
. & . "4

curacy and reliability. We are confident that a suitable

w?‘:,y:“ii
R
.

drive will result.

Film Hetertgg

The aceuracy of image and film synchronization

depend mot only upon the drive ratio but also on the be- ‘

havior of the film relative to the metering roller. Using

rubber {n order to obtain good traction, there is always
. .
j the problem of creep, which requires special attention.

'In order to maintain creep at a small, predicable level,

the film feed and takeup functioms are isolated by provid-

ing separate drives, (see Figure 4) also by incorporating

.
Y
A}

tension gtabilizing systems. This will insure that the

RO
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load on the metering roller is constant and small regardless

~of the varying tension at the film spools.

The film metering uotor is to be driven by a véloctty
servo mtor and nsocicted syaten which :ll deectibed in Appendix
: 711' Tbc apeed reducer sylten between motor and roller nuat bc /

o of excellont quality and will{ contain the elements of a uech-

ﬁ 'an1ca1 filter to nininize naity bandtng. Hhile moat of the

' 7problems in the camera ‘gsystem are aggravated when the running

f%#gté’i hig e  1», len 1s.uorse at slov speeds nnd

' narrow slits.

There are two kinds of errors to.be brought to a
oatisfactory low level. The low frequency accuracy 1s con-
trollable through proper design of the control systenm, operating
from the functional input of V/H, and by the velocity servo
peffotmunce.. The high frequency accuracy is controllable with
suitable design of the speed reducer to eliminate troublesome
gear noise, and by filtering. Fig.19 is a schematic of the
complete film meferiug system, inéluding the essential elements
of the feed and takeup stabilizers, providing isolation for
the main drive.

Film Spool Arrangement
When the problem of simplest film handling and thread-

ing is considered alone, it is seen that the arrangement, should
allow film to pass through the system without twists or changes

of direction edgewise.
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L 4

o
v

e

-

The figures !5 and -C show the system configuration

22

in such a simple form however {mpractical it might be for

actusl use because of its overall width. Fortunately the

,npool nruau-ont nnd du!.p deuu of the ftln enclome

L ke 13.

' can be rudny Mted to tha space requiunents of nn acml -> Y

or propoud, vehi.cle becmu of the continnoﬂ fil.n fced. L

‘rhcu u littla“ ffoct Oll_thﬁt”ltﬂ vtth“tho’one e;ceptien- i

”u 13 vcry"hportnt that thc atabiuzed tyntcn ccntor o

by the -tabtuution qotu u ducttbed 1n Appendix III 1-

most dnirable bocun it olhhutu tho nud for a min;

- counterbalance. -

In exerciasing the choice of op601 crfmgencnt, proper

SR
N

consideration must 'be further givem to accessibility for thréad-

ing, and roller system simplicity. Ome of uvetﬂ promising

practical configurations ('ug. 2] ) 18 an arrangement of spools
on a common vertical axis cbove the camera with the compengating

shift operating {n the axial dirocttoa, 'l'ha final choice must

i ;,,'ri i E e N

be made after considerable study and liaison during the design '

phase of the project.

! ot
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FEED

THRE - UP

9/4’//'4’

Peed
Stabiliger

Take-up
Stabilizer

Fig. 21 Elements of Metering Systea

ENGINEERING REPORT NO.

:

(‘A//ﬁiff R S

A Applicd power frou teed utabuizer velocity servo
‘B Constant tension feed signal roller _
P} Feed servo eonttol signal potentiometer

C Applied power from main film drive veloecity Iutvo .

D Constant tinoibn take-up signal roller

P2 Take-up servo comntrol signal potentiometer
E Applied power from take-up stabiligzer velocity servo
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" pata gccordigg ‘ .

" ,
& : i !‘urthct study nust bo dvu to thh gcncral prcbh-.

I\j = B .m opttecl -ynu- of the data printer 1§ ranirgd to huge |

= the data upon the moving film with adequate synchronization

f& o accuracy to resolve the data ‘and for a duration sufficlent to

) | propcriy expoic the film., It is not considered ‘a serious prodblea
= to accoup‘lhh this, with the 'ﬁq‘uibh exception of .the 1000

i | cycle signal (at_all fila velocities). The configuration de-

7 | sign should be more advanced than at present before know-

j ledge of space for data chamber is svailable. Thus the u'ud-

for 1iaison, and for more detailed development, is the cause

for accepting the requirement at present as a design ebjective,

2 General Congtruction
It is very }tnporuat to design for s_tructth;_al stiff-

ness in the framework which is used to hold optical components
PAGE 3
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in correct relative positions, and couple them to the poiant of
attachment to the mount. The framework ;ttucmi vill be com-
otructed using the best npproyrutc naterials (least wot;ht

for a givu otlftncu) mh u holl.ov uguuu cutiul and/

by ultng mMched or. \nbbod n!.rroro, nd u;ht\ntght lcao

 mounts. It nlwnld bc noted that the uchmtn propoud u
free of intermittent notioal, vhich means lighter structures
because the :gduced need for dynamic strength, and for cmtcr-

A factor in the structure design s ihe reduction of
vibration, through dynamic balancing of rotating part; vhere .
neceourf, by vibration uoluion_, énd again by desigﬁ for‘
stiffness of critical elements, with full 'attcntion to all

theie available measures from the inception.

The weight of the system, including controls sad
accessory equipment, mount, and cassettes but excluding the
~ thermal barrier and film, 13 estimated te be i&_(l pounds max- .
imus. However, the design gosl \?1‘11 be a best _oﬁgg_‘._ for min-

5266-A

~
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ASSOCIATED SYSTEM COMPONENTS

Control System

The throe major comtrel cluoan prcvio\uly dtoeuucd

k] [

m lo;i.uuy bc uumd to prcvtuco of Chicm Mrul Ildu-' -

- 'untal cmn functtonl and sinu m ot thcu olmn are
to be ucnmatcd vithin thc buic emra structuro, it 1.
mutually tcco;nucd mt the: mk is to. be coordiutod by mh-

s

contract eontrol.

Stabilization & Envi rm&mtn_.;g:u

The camera concept sdvecated is adnirably suited to
the preferred knuckle joint stabilizatiem fec!miqu. This
phase of development loxicallj is assignadble to Aewoflex Corp. .
In ordexr to distribute thc’déyclomtl load most effectively,
and because of their previous experiemce in this field, the de-
sign of the environmental barrier is also included in this sssign-
ment. Detailed treatment of these components is included in

Appendix III provided by Aeroflex Corp.
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. CONCLUSION

Ve cl_;in‘ _fo:r. the proposod 'déﬁ_q_‘iz'n;m. following: .

RN

6 Eliminntion of sequential system‘ ‘ _
- o ‘control roblemu o o .
7. Hinimmbnlk R
8. )ﬂ.nimn misl_u:
‘9, Smplicity
10. Reliability
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G

INTERPRETATIONS, DEVIATIONS, AND

EXCEPTIONS TO THE SPECIFICATION

3.4.5.3

3.4.5.9

3.4.6

' 3.4.11.7

3.4.11.8

3.4.11.9'
3.4.12
3.6.13

) ‘the ahortest intervul tine of 1 ucond. Y

o Deéfgn Objectivé," see . text,

Lens field 9 x 9 - excepted; maximum field is
required. :

An AWAR of 100 on Type 501182 film is a design
objective. o ) ‘ N

~<

: Except that maximum slit opening 18 5/8" limit- /. -

ing the exposure time to 1/120 sec. maximum at

; Excepted - Vacunn platen not’ dcairable; film to

be held flat in’the focal. plane by means pemit-

'-":'ting continuous feed ST e

Design Objective - Routine maintenance procedures

' may be desirable at more frequent intervals.

Refer to Appendix III for further discussion of exceptions.

ENGINEERING REPORT NO. 5266-A
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>y

Programaing for Reliabilit

.Our preseat high cun“m of reliability have been
achieved through the close cooperation of our ,ongiucﬂnz. produc-

i' fion, quality control and ficld_}_ictﬂco personnel .,

A'list ot ropr‘unutivo Govorment Coatncn u uuchod.

- ’,__::rolled. ve achieved . reucbiuty;ot,v95-971. B

The p:ocotypn nodcll of thn Y-4 and %2 boahtag pcri-
ncopu furnished by l'crkin-tlner were durable cnd useable long
’ beyond their expectod lives and af:er very uvum taottn;. In
each case, after years ot preduction, the lut perucopen off the
mnufcctnring lines requiro very close exmination to find any
change from the prototypes originally lupplied by the Perkin-

Elmer COtpoution.

Our Recording Optical Tracking Instruments (R.0.T.I.)
are designed and built to have l' normal oparﬁting 1ife of at
least ten years with a mi.n:lmn of maintenance. One of these
equtpncncl has anow bnn opcutins for over two yurl. ‘without fedl-

ure uader extremely bad field conditions. ’
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Perkin-Elmer firmly believes that nlmiltty_ts
built into each product at its inception. The design we ad-
vocate in this proposal, fer exa;ple.' avoids the use of shutters,

" {ntermittently operating fiim tnnaport' nechanim ‘and rapid

eccelerations and deceleretions of the filn. These are all

ma manual u avaﬂ.abla

-----

on request.: - B
In cdiieton to the above, we would, on '\‘a'.projé'ct of

this magnitude, assign to aa engineer detiaite reaponaibuuy

for the rolubuuy of nevly procured parts end cgmponents

and charge him with the duty of tugtm:tug and reportins on

such tests aa are required to establish the correct routina

maintenance procedures.

It is possible, by virtus og wature basic desiga,
good choice of componeats, excopuouliy tight quality contreol
and close engineering néaitoriog of the initial field tests |
to produce a reliable and durable prototype.:-To achiave tnaxi-

“mun reliability, however, continued close liaison between the

A
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o
m manufacturer and the testing agencies 1s required, plus
{: v ,
= ~ periodic refurbishing'evalnation and field modificatlons
‘1 of the prototype, This progrem extanaion would pemtc the
»d b
N preparation of more detailed operattns instmttou fo: ‘
5 \ field use and esubltah an effactivc pmentive matntcnance . ’
NN

™ pxocednre. I‘ha Perkin-xlmer Corporattea vould nloonu tlu o /

| eomplet!.ng nimnu p:ojeets
5 I
1

-
L] .
54
]
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" Prime Contractor

o

e

AR

T Gériex"él Mills

CTEART

7 AF -
AF

AF
I

X Design and buxld 023 Radqr Map_pmg
- ,Camcra for Fd}xi:hxldy (Confldenual)

(AF subcontract) 'f"‘_Periscopef":fffi" 2

! ":-".-‘_General Mills

S Design and"'produce Yv'4,Bombmg'
o .(AF eubccmtract), RN |

Report No. 5266-A o o Page 41
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LIST OF REPRESENTATIVE CONTRACTS

X 'De'scription h Contract No. :

X

A
&

x wsa 058-
.fac 13431

. Periscope SR T

' S T Sadi e Sy T

- BDHSA' Bombing Sy'stem- S W33 038~
(Conﬁdential) I - ac- 21_10_% |
Design and build experimental - AF 33'(013‘8)-
Periscope Fightér Sight. Sight 7509 :
has been flight-tested at Eglin
‘Air Force Base (Confidentiil) A
Design and build Experimental AF 33 (616)-233
Periscope. Periscope used for R .
tests in conjunction with prone '
position flying.
Design and build Transverse Pan- AF 33 (038)-1238

oramic Mapping Camera. Camera
featured horizon-to-horizon cover-

age. (Confidential) | : , S v
Lightweight Lens Study - study AF 33(038)-
feasibility uf decreasing weight 23063

in large Aerial Photographic Lenses.
Built 48" /6.3 Lens, cutting weight
from 180 lbs. to 90 Ibs.

[%.4

Sanitized Copy Approved for Release 2010/12/13 : CIA-RDP74B00752R000100100001-4



R ]
———d

S |

ke

==

P
K

sl BEI s

Sanitized Copy Approved for Release 2010/12/13 : CIA-RDP74B00752R000100100001-4

Aygeniy or

Prime Contractor

", .

AF

‘N av .\'

Navy

' 1\.‘F

A

AF

Army

. AF

Industrial

Research LLab.

subcontract)

Al

Navy

Description

Investigation of automatic computing
techniques. for use in optical design.,

MK-13 Fighter. Sight

Production prototypes of MK-13

Fight'er'Sight (Confid'ential)

: Dwelopment of automatic- f()LUb _ .
~coptrol for large Aerlal Photo- R
~*_gr\1phiL Lc,nscb STty '

- \.'

f. ROTI- dcblbn and construct Lng :
‘ R(.cmdmb, Qpncal T rackmb Instrument

(large. theodolite) fox use. on mlSS.llL

- test rangz,s -

AN

-IPR dLSlg.,n and construct largc long>
focal length camera ’

Swdy ()f manufacturmg techniques for
producing aspheric (;ptical elements

- Design and hu1lJ Thermal Inv 1239

Viewer
Reconnaissance Device (Secret)

Optical design and construction of
Simulator System

Alrborne 'l’x';ackmg Device
(Confidential)

Experimental Infrared Scanning

Device (Confidential)

Study on High Temperature
Mceasurement by Radiation

Report No. 5266-A

Contract No.

AF 33(038)-

10836

Nord 13473

Nord 13396
. \

~AF 33600y
23271 g

AF 33(600)-

26666

B

AT 08(616)-

3\l /—\/\

- AF 33(616)-
21111

DA - 44 - 009 -
ENG-1744

2031

AF U8(616)-

S

Nord 16139

AF 33(600)
30130 .

4
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Agency or

Prime Contractor

Princeton
University

AF

Al
Navy
Army

AF

General Electric

IBM

General Mills
Chicago Aerial
Industries
Norden

Hughes Aircraft
Smithsonian
Institution

Various

Report No. 5266-A

Description

Desiyn Study and Manufacture of
Solar Telescope -

Design and butld Automatic Patrol
Spectrograph

Rescarch and development-Passive

Infrared Warning System (Secret)

Design and build Infrared Recon-
nais's'”mcc Devicc (Confidcntial)w

\

I)LSlgn Airborne Infrared System s

(Confidential)

- Gas Radiatioh'Pyrometer :

Preduced Model 103 and 145
Camera Attachments for K- 19
Fighter Sight

Produced optics for AN/ASB-4
Bomb Sight

Produced optics for Y-4 Bomb
Sight

Produced Aspheric Lens §ystem

Produced ASB-1 Bomb Sight Optics

(including prototvpe desi
£P VE gn

Domes, Missile Head
-
satellite Tracking Cameras and
t'ilm Back-up Plate
Miniature Cooling Systems for

Laboratory and Airborne Cooling
to Liquid Nigtogen Temperatures

Contract No.

32295

N-163-4721"

2

646610

AF 33(600)-

/

DA-=36-039-
SC-7306%"

AF 33(600)- .
30130 :

TOP 545600~ .

93D -
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‘& Primé Contractor : Description : Contract No,
AF ROTI, Mark II (Radar Optical T_racking AFORG06) -
& ’ Instruments) for Patrick Air Force Base 1047 _
ACspark Plug Di- Azimuth Alignment Theodolites - ~ L AFO4(045) - S
7 ~vizion (Gen. Motors 7 0 e o R 19 K
Y - Corporation) 5

\C; Spark Plug Di-: . CAFU4(643
vigion (G¢ni Motors . , 193 & e
orporation):
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[
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[
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’

REPRESENTATIVE LIST OF P-E LENS DESIGN .

FOCAL LENGTH f/RATIO NO. OF ELEMENTS FORMAT
16mm £/2.5 8 t6mm or . 625" diagonal
16mm f/1.5 8 16mm or . 625" diagonal
25mm f/2 6 .16mm frame :
50mm f1.9 6 16mn frame |
50mm f/4 L 4 16mm frame ' N
f/2 7 to f/4 / Lo 100 62.7 dxagonal Zoom Lens ;

30 to 130mm

Zoom range at any .8top between f/11 and

ote 4 Aperture remams constant throughout
2. 7.at the short fo al td f/4* 7 at the long

‘f/4.7, and above f/~} 7 tapers from)f/
focal length ‘

No

Single:Frame

¢ £/2.5¢ 'Smgle Frame" 35mm:
g )2k : 35m
- L f/4.
‘ £/.07
@ & 4 | 0
S L f/1. 8. S2-1/4"
3 3 £/2. gi ©2-174" x 271/

g f/2 6 So2-1/4v x 2-1/4"
oy o 12" f/4 4 - 2-1/4" x 2-1/4" (Aspheric)
d 6" /1.5 8 4-1/2" x 4-1/2" o

R £/2.5 8 . - 4-1/2" x4-1/2"

6" f/4 6 - 4-1/2" x 4-1/2"
;J o 6" £/2.5 8 . 4-1/2" x 4-1/2" (Aspherlc)
IS VAN £/2.5 8 9" x9"-
ey 12 £/4 6 9" x 9"
/8 5 9" x 9"
£/5.6 7 9" x 9"
£/5 7 9" x 9"
£/6.3 S 9" x 18"
/8 3 18" x 18"
£/8 5 18" x 18"
2-1/2" f/4 5 ‘Double Frame 35mm
(Enlarger Lens)
2-1/2" f/4 o 18 x 24mm (Enlarger Lens)
£/4 6 2-1/4" x 2-1/4"
(Enlarger Leus)
£/4 6 4-1/2" x 4-1/2"
' (Enlarger Lens) = .
£/10 S 18" x 18"
Page 44-A

Report No. 5266-A
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FOCAL LENGTH f/RATIO ¢ NO. OF ELEMENTS - FORMAT
4 ‘.
36" f/4 7 9" x 18'"
7] 60" f/6 6 2-1/4" x 2-1/4"
48" £/6 6 1.9" dia.
24" £/3.5 8 9" x 18",
7 6" f/1.5 8 35mm
% 24" £/8 5 . 9" x 18"
36" £/5.6 8 9" x 9" |
3 T £/5.6 9 9" x 18" .
& 100" /3.5 6 2-1/4" x 2-1/4"
48" /5 S 18-1/2" x AJIEN
71 12 112 5 orxor T ../

* Panoramlc Film strip of great length passes across a 2" wide foca.l plane shutter - -
x 18-1/2 high. _

e ¢ R

IS

s

[

& E

< w

e

G e

3 Report No. 5266-A ' : Page 44-B
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ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

PERSOMNEL ASSIGNMENTS

In the event Perkin-xlner were to be uu'ded the con-

~ tract, sssignment of personnol vould probably be made as follova'

The work wuld nn within the ecopc o! the Bngineering /\ |
“ ’ nnd Optical DIvision. _? 10 tbe chul muger STAT
. of the MVllion \lhich ha c O
- under the manageaént of ) *}“‘STAT“'
g 3 ' QTAT.
E Director of'xngineerins. hu bccn the ruponlible STAT"
- engineering mauger for nu iutments produced by the Engineering ‘
and Optical Division since its fonution. ' .
‘\dll prdbably be assigned to lead the STAT
' |
- operational phases of the project. . [tsam authority on STAT
panoramic cmetu and high acuity, low contrast syateml. Re hu
been project engineer on uveul camera lyateml 1nc1udin3 the
Model 151 and the Model 501 Panoramic Cameras.
The optical design will be handled by © STAT .
Chief Engineer of the Optical Design Group, and his STAT
* 1
chief assistant, STAT
are nationally recognized authorities in this field.
It is expected that = will avail himself of the STAT
services of Messrs. STAT
ENGINEERING REPORT NO.  5266=A I pacE 45

Sanitized Copy Approved for Release 2010/12/13 : CIA-RDP74BOO.752R0001 00100001-4




,] Sanitized Copy Approved for Release 2010/12/13 : CIA-RDP74B00752R000100100001-4
¢ ENGINEERING & OPTICAL DIVISION QVW THE PERKIN-ELMER CORPORATION

is Chief Engineer of the Optiéal Research and Devel- STAT

opment group and has been .lar;qu responsible for the development
and production of high acuity lenses and specinl aephe:ics. Mr. R

S is in charge of the Byltema Developnent Group, and is 1n : - STAT

charso of the RDTI'U, othcr opto-echtnical oyn:anc, and 1n£ured-'

‘electronic sys_tanq. o

|7 1t 1s aleo expected. that

T8’ vichin‘tho diviaion as

,-otha: scnior, ju' or |

' I R job nqnirmants dic'tate.

Scnior xngtnaera vill be usigned t:o nonitor und

PTG o
]
[ERNE
. Tor
N
LY

report on the work of thc tvo najor aubcontractors ud one en-

gineer vﬂl be usi.zned to uublilh test procedur“ cud report

on the relhbility of tha conponenta used and of the varion-

auemblieo .

Z3

ENGINEERING REPORT NO.  5266-A , PAGE 463
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ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION
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CHICAGO AERTAL INDUSTRIES, INC.
Melrose Park, Illinois

PROPOSAL FOR
PORTIONS (F THE
E-2 PANORAMIC CAMERA SYSTEM

Submitted tos The Perkin-Elmer Corporation
Post Office Box 730
Norwalk, Connesticut

Attentiong

May 1958
Revs June 1958
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THE ENCLOSED INFORMATIOR

is prepared and submitted in a
spirit of confidence, The dis-
cusgion, ideas, and disclosures
herein are to be considered as
propristary information of this
company, which without specific
written permission, are not to
be used, reproduced, transmitted
or divulged in any marmer which
this company may oonsider as
detrimental ¢to 4ts interests.
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THE CAMERA CONTROL PANEL
THE AUTOMATIC EXPOSURE CONTROL SYSTEM
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INTRODUCTION

Chicago Aerial Industries, with its well-known leadership in the
asrial reconnaissance field, proposes to utilise its experience
in furnishing the ¢ontrol functions of the E-2 Panoramic Camera
System, This experience has been gained through a number of
resonnaissance projects, many of which required the integration
of several camera types and electrenic control components,
Complets photographic system concepts as found in the F9F-8p,
A3D=-2P, FB8U-1P, and P6M aireraft are representative examples

of Chicago Aerial Industries' system responsibilities,

Chicago Aerial Industries has also dsveloped and furnished
specific reconnaissance items such ss the KA-30 and KA=-18A
Cenmeras and various viewfinders, including the one used in the
RP=101 aireraft., Also, a mumber of high acuity 70mm panoramis
caneras were furnished to the Air Force.

These contributions to the state of the art have been made
with the highest degree of quality and reliability consistent
with good design., It has been the polioy of Chicago Aerial
Industries to investigate completely the reliability concepts
involved in an end item and present conclusive guarantces as

' | to operating life and recomsnded maintenanss procedures.

In order to accomplish the objestives presented herein, Chicago
Aerial Industries intends to organise a project team composed
of personnel well versed in the arts of asrisl reconnaissance
and presision electro-mschanical design.

Sanitized Copy Approved for Release 2010/12/13 : CIA-RDP74B00752R000100100001-4
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SCOPE

The equipment proposed herein is intended to be incorporated
into or used with the E-2 Panoramic Camera to be built by the
Perkin~Elmsr Company.

Chicago Aerial Industries proposes to furnish three major systems
for the Panoramic Camera.

1, The Camera Control System
2, The Automatic Exposure Control System
3. The Velocity Servo Drive System

- These three systems will bs designed and fabricated to meet the

t8 of Exhibit WCLR~L81l as amended by Note A. Systems
2 and 3 will also be furnished to be inoluded in the overall '
confines of the camera proper,

THE CAMERA CONTROL SYSTEM

The basie control of the Panoramic Camera System will be provided
by & remotely located contrel panel, This control center will
provide all of the necessary control funstions for the Panoramic
Canera. The required funotions are the application of master
pover, starting and stopping the camera operation, selecting
primary picture taking rate, and regulating the exposure of the
film, Cperational status of the camera system mist be indicated
such as readiness, proper operation, mmber of exposures made, and
a low film indication, S
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i

These objectives of control for the Panoramic Camera System will
be provided by means of a compast reck and panel type control
unit. The configuration will be as shown in Figure 3000-8L-1.
The funstion of the various controls will be as follows. -

mmurpwmuhcmnuampmmmmwm
camera, System readiness indication is provided by the green
ready lamp which will light when the stabilization of the camera
u@qht‘o '

The parameters of velocity and altitude which govern the pioture
taling rats, are sst into the photographic system by means of the
inots and feet dials together with the applicable scales. A
mschandic al mask will aid in selsoting the velocity sstting in the
high ér low ranges, Provision is also made for other control
systems to be used in establishing the pioture taking rate., It
will be possibls to select an automatic mods of establishing
this rate. This can be accomplished Ly changing the mode sélec-
tion switsh from the "high or low computer® to "scanner? positien.
The detalls of establishing the picture taking rate will be
dissussed subsequently. .

Completely antomatic control of the relative exposure is provided
by the "auto® setting of the exposure selection knob., It is alse
possible to set in a specific effective exposure tims as indicated
by the other positions of the selection knob, ,

Operation of the camera is initiated by means of the operate switch.
During ths pioture taking, the amber scanning indication lamp will
1ight and go out when the soan eycls is complete indicating that
the camsra is running, Thus, normal operation is indicated by a
blinking light. If the £4ilm supply is interrupted, either by
being empty or tearing, the lamp will stay on until the A
condition is remedied, A £ilm pile-up will also be revealed as

a £1lm failure by the steady on lamp condition; however, the £film
drive power will also be stopped to prevent damage to the film
transport system,

provided by a red low £ilm lamp which will
spproximately 100 feet of £ilm or about 16 expesures remaiming
in the film feed casaetts. '
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J LOW FILM 4 Y HI \“& ]
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M 90000 80GOO 15000
A QU IR Ly,
S ACTITUDE - P e T
T KTS ALT
E I |
R . LO 8
RUN SCANNER X COMPUTER READY w O
N O
| @ HI ) @ 8 +
-1}
= ] ) o S
ON ON ;‘? 9
@ EXPOSURE @' |
OPERATE - S 10y POWER
EXPOSURES
AUTO /800
7). {O 00 L
) e
© © @ 385
L 41
1
NOTES:

. DEPTH OF UNIT, FROM MOUNTING SURFACE TO
BACK END OF COVER 1S 5" MAYX,
2. CONNECTOR =™ MSII02A-2B-12P TYPICAL

FIGURE 3000-84-|
CONTROL PANEL FOR PANORAMIC CAMERA
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THE AUTOMATIC EXPOSURE CONTROL SYSTEM

The control of exposure in the Panoramic Camera can be operated

in either manual or autcmatic modes, In either case, the
effsctive exposurs time will be determined by the width of a
vﬁabla 8lit and the relative velocity of the film aoross the
slit so that

Woe ¢V, @

where; t « exposure tims, seconds
W = width of unt inches
Y, « veloocity of #11n across slit,
inches per second

mwmfwtheuludvfmbqundinmmim
of the velooity servo.

Having established this relationship, it will be necessary %o
use this slit width to solve the basic exposure equation which is

where; B « terrain brightness, foot lanmberts

K = a constant with a rangs of 1 to0 2,
dependingonmhionchamw
tics which for microfile type
emmlsion ean be taken as 1,5

f = diaphragn opening, £ stop (5.6 in
this case)

¢ e« filtar factor, usually 2 for a
yellow filter

8 e« speed of the emlsion, Weston .
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t e« equivalent exposure time, seconds
T e ¢transmission of the glass systen
in the objective which is assumed
to be 60% for a lens of this type

solving this for the glit width we have
_ v
Woe 782§ o (3)

The ascuracy of the solution of equation (3) can be established by
investigating the sensitometric characteristics of the partiocular
emilsion being used, Basically, the various texts on this subjest
relate the resolution capabilities of the emulsion to the latitude,
In the case of the mierofils typs emulsion (S01182) a latitude of
2 t5 1 can be expected, This requires a minimm of one full stop
accuracy assuming that all other facters of exposure are perfect.
It has besn the experisnce of Chisago Aerial Industries to use a
maximm error of one-half £ stop in a high acuity exposure contrel
systen,

The proposed exposure servo will use a cadmium sulphids photo -
slsotric cell for light level sensing. This type photo ¢ell has
the following advantages; 1; extreme sensitivity, 2) good _
temperature stability, and 3) lomg term stability. An additional
advantags is obtainsd from the fact that the cadmium sulphide cell
48 a photo resistive device, An AC output can be obtained by
applying AC reference to the ¢ell, This eliminates low level DC
to AC modulators,

A block diagram of the exposure servo is shown in Figure 3000-8L«2.
A DC voltage, EyAl, . which is proportional to image velooity is
applied to a tor containing resistive dividers. The output
&f the modulator is an AC voltage E. e, proportional to image
velooity. This voltage is applied to a funoction pot mechanieally
wpmantmmmmnuwwlwum
tional to . The S/C constant is inserted by a control on the
modulator "unit,

The resulting brightness signal is summed with the and the
brightness voltage. The srror voltage is used as a signal in the

‘88rvo motor drive amplifisr. At mill a solution of the exposure

equation is obtained,
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THE VELOCITY SERVO SYSTEM

The pioturs taking rate of the Panoramic Camera is to be governed
by the parameters of reconnaissance vehicle velocity and the

height of the vehicle above the terrain so that an overlap of 55%
will occur between sucoessive pictures, Furthermore, in order to
Wumhupasiblamw&mmmumpt
novemsnt in the image plans, compensation must be made for the
forvard motion of the vehiols, This image motion compensation (IMC)
is established by moving the optical axis of sach of the lenses
parallel to the flight line as previocusly discussed. These eriteria
éstadblish the need for a precise and reliabdbls servo mechanism to
guarantee synchronism between the various optical and mechanical
components,

A basic command voltage, E which originates from ths computer
mthasyamcon‘u'olpamf :llrequiradtooetabmhﬁmpﬂnary
muuanalinputtothecmmmohmim This voltage will be
related to the velocity and height of the wehicle as followss -

. o
x!x! -(A)

H

where; K = a constant depending on servo
design conslderations
V = velocity with respect to ground, knots
H = haight above terrain, feet

The constant K will be optimised to obtain a high and low velosity
sange, A single valus would not allow the accurauyraquiroderr
this high performante servo mechanisa.
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The cperational envelspe of the camera is shown in Figure 3000=-8l4~3
which extends over a V/H rangs of 0,003 to 0.1 knots per foeol.
This rengs will be available over an altitude range of 20,000 to
100,000 feet and a velocity range of 300 to 2,500 knots; howsver,
Ey/g will be limited to preduce a maximum of one complets picture
per seeond,

In view of the high acuity requirements of the Panoramic Camera,
1t would be well to consider ths accuracy of the velooity servo
system, Since the servo mechanism will control primarily the f£ilm
velooity across the variable alit, all errors in the camera systea
will be manifested as a function of this theoretical velocity.
The pictorial effect of these errors would be to increase or
deorease the overlsp and, more important, degrads the terrain
recognition due to image blur,.

In eonsidering the effect on overlap, we have the following. As
previously stated, the rotational speed of the prism with respect
t0 the film velocity will ultimately be sstablished as an exmst
ratio, Thus, the actual film weloocity will determine the overlap

eorror in the relation

vhere; zg = f£1lm velocity, inches per sscond
- ml@, m

. This relation is based on the hasic picture taking rate for vertical

photography and length of pleture being made as followss
The pieture taking rate, R = 1.69 VF | (6

where; R e pictures per second
P « dimensicn of photograph along flight
line, 9 inches in the case of the
Panoramic Camera
F e focal length of lens, inches
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90,000
OPERATIONAL ENVELOPE
OF
80,000 PANORAMIC CAMERA —+—
FIGURE, 2000 -&4-3
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The length of piloture being seanner 18 L = WF (N
in which 1. =« length of exposure, inches '

Thus, L and R are related to give (5) by

Vo = AFR
Examination of relationship (5) at the minimum and maximum values
of V over H reveal a maximm accuracy in Ve of 2§ to obtain an

overlap within 1¢ of nominal, This acouracy of overlasp is well
within the limits for high precision asrial photography.

mumnonefthemmdnetomtofahobjoctmm
gmundmbemlyﬂodhymfmwtoﬂgm%ﬂh—haﬁﬂu
Mﬂl

Amsamaximwurabhinagablwdlﬁw:mw 0004 inch,
we can evaluats the error E allowed as

Ef = V; = Vigg X 100 per cent ~ (8)
e ,

the image blur i8 4 = (vi-vm)s

but the velocity of the image due to vehicls movement is :
Vy = 1.69%?. Considering that W o ¢yp ammuenm

the allowable blur of .00k inch for d we have

= 0,74  9
Bo-oh - (9)

This relationship for E indicates a rangs of permissible errcr of

0.75% to 37¢ which means that an optimum wvalue mist be chosen
reflecting the most expectsd valus of slit width, W, A wvalue of
J£ has besn chosen, It will wssure proper image synchronisation
up %0 a s1it width of 3T inches which will be adequate for average
torrain brightness, 75

Other considerations with respect to the high quality of the wveloeity
servo can be summed up as follows., The unit must bs carefully inte-
grated into the mechanism of the camera proper. The consspts of
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FILM
TRAVEL =V

g W=tvg
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of compaoct sh density, and reliable electro-mechanical design
are molnrl; gﬁcawds The servo must be capable of providing
enough motive power to acsomplish, in accordance with the design,
the variocus mschanical functions of precise film movement across
mmmoait,hmmntfam,mmmdﬁvo. It i
{ntended that the film feed and take-up power bs provided by other
mechanisms in the confinss of the camera.

A block diagram of the proposed servo appe
The completed unit, shown emclosed by the dotted line, will
contained in a package approximataly 2% x 3% x 10 inches for the
amplifier and power supply, and 23 inch diameter x 6 inches long
for the motor-tachometer, The total weight of the packaged

:
;
3
1

compensnts will be appraximately 6.5 pounds., The power requiremsnts

will be 300 watts AC and LO watts DC.

o functions of the various components are as indioated on the
g.oekdi.agrm. A powsr supply will be included in the umit to
prwidoulofthoamopwmnirmnfafwboththewmw
serve and the exposure Servo. The velocity servo will control
mmumlwdmapﬁmpmimtwmef«dmm
in the camera. The function of IMC and prism synchronisation will
be accomplished by other mechanisms in the camera.

Sanitized Copy Approved for Release 2010/12/13 : CIA-RDP74B00752R000100100001-4
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WITHIN THE

CAMERA DESIGN

EXPOSURE Y
T0 EXPOSLJREH SER\/O

PRE- | K MOTOR |TACH
CISION '
GEAR 1
PRISM <=—FEED ROLLER pres— TRAIN l;l_-_,
AND 'MC
 3YNC.
}‘\Ar\vx—lb SW:TCH I
eV DRIVE
: Y | "l amp [
MASTER H A
CONTROL
: E e POWER |
L - SUPPLY i
MASTER CONTROL
EXPOSURE - 1BV .. 28V.
SWITCH 400~ DC ¢
EXPOSURE
¥ SE

RVO.

VELOCITY SERVO

PANORAM IC CAMERA

FOR

FIGURE, 3000-84-5
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ENGINEERING & OPTICAL DIVISION W THE PERKIN-ELMER CORPORATION

ENGINEERING REPORT NO. 5266-A PAGE

N
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- TECHNICAL PROPOSAL -

- Torquer Stabilized Camera
. Mount System for

gpo “-.. .. - . "E=2 Panoramic Camera
l T ' : Aerof iex Type ART-6

i T o . Refer to P-489 ‘(P & E)

. Prepared by: LW STAT
jj . | ' 4 ' T ngineex '

i
- 24 June 1958
ol
] THE AEROFLEX CORPORATION
AEROFLEX LABORATORIES DIVISION
‘ 34--06 SKILLMAN AVENUE
: LONG ISLAKD CITY 1, N. Y.

SRS doi
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- INTROD UCTION
o )

The stabilization requirements set forth inm proposal
D - request WCLR-481 .requires an engineering effort in an area
ét the limits of the present state of the art. - The Aerofiex
Corporation has extensive experience in all phases of camera
-y ' stabilization and feels that its experience can be successs

N

. fully applied to this program.

{1 - In order to achieve the dynamic performance requirements;
N the stabilization problem must not be complicated by the

™

o - vibrational effects 1nherent in conventional wrap=around

gimballing or the frictional effects of - large radius beanngs°

recea
z S
———

These limitations d1ctate the use of a knuckle type gimbal

arrangement° The 1ntersect1on of the g1mba1 axes has to

(e

be logated_gt the center of grav1ty of the mount<camera

Ty

¢ombinationq  The volume about that point must allow sufficient

clearance for the mount structure.,

P
¢

The proposed Perkin-Elmer camera design is ideally

suited to the anticipated mount design. The layout of the

NS

optiéalvsystem allows sufficient room for the mount within

Ty

; the outline dimensions of the camera bodyo (See_Aeroflex

Drawing 121-80252) The ability'to accomplish the weight

S

shift compensati ion for film travel within the camera, will

add to compactness and weight saving.

gt
Shaengrd

In our experience to date oxn excheange of ideas and

R

information, necessary for the preparation of this proposal,

The Aerofiex Corporation feels that its mount can readily

t

g

be integrated with the Perkint]_.merAcameta'design9 pProducing

a photographic system materially advancing the state of the

Lo

art of photographic reconnaissance.
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I -~ Description of>Structure

The mount structure assembly is designed %o make use
of the space provided by the folded optical system of the
camera. The azimuth gimbal fastens to the camera and forms
a knuckle type joint with the pitch gimbal, making maximum
use of the #olume'availabie within the ray angle pattern
of the camera optics. The compactness of this type of
construction provides good rigidity at-low weighto

The roll gimbal wh1ch supports the knuckle joint pa%ses
through the body of the c,amerae ‘The roll torquer mounts
just adgacent to the camera body, making the total length
of the roll g1mba1 shoxt he1p1ng to keep the structute
11ghtwe1ght and rlgnd

The roll gimbal rotates in bearings set in the mount
frame, The frame !s mounted. on vibration isolators de«= ;
31gned to attenuate aircraft vibrations and to reduce the
effects of shock. The mount frame sonsists of hollew cast-
ings which gives torsional rigidity and light weight,

The vertic:l gyro and szimuth gyro are rigidly fastened
to the camera scdy. The mount electronics are placed on a
secparate sheci mounted chassis. Removal of the electronics
from the merat keeps the mount structure compact and at a
minimum size., This arrangement allows for greater flexibility
in instal?atiéﬁu |

To compensate for the change in center of gravity of
the camera, due to motion of film from one spool to the
other, iome form of weight shift operation is necessazy.

The motlor to acccmpiish this is powered by the mount elec-

tronics which sense the unbalance and apply control volitage

Sanitized Copy Approved for Release 2010/12/13 : CIA-RDP74B00752R000100100001-4
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i

to the weight shift motor which restores the center of
gravity. ;

With a goal of miniﬁum weight each part will be:
exam:ned to see that it 1s as llght as poss1b1e consistent
with performance requ1rementso

Est1mated max;mum weights are 110 1bs for the mount

and- 30 1bs for the. electtonzc ChaSSISov It is estimated

'Tthat the heat barrier box and pressur:zed electron1cs

'fch4531s box w111ﬁwe1gh_an addit:onal 185 lbsei;;

L
Sanitized Copy Approved for Release 2010/12/13 : CIA-RDP74B00752R000100100001-4
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I1 - Operation of the Mount (See Pigure 1 ~ Block Diagram)

;j | The roll and pitch position iloops have the same circuitry.

_ Only the positioﬁ gains will be different due to different

P

moments Qf inertia about.each axis. The vertical reference

5} is an>ARX§3 Vertical Gyregl The gyro is slaved to a two axis

- pendulum.essembly through'its own erection system. ‘The pen-
?} | dulum error voltage dr1ves the erection ampleaer whlch causes

the gyro torquers to move the gyro gimbals to correspond with

the pendulum pos1t10no The gyro output 1s in the form of

D. C. signals thh a scale factor of 133 m.v. /h1nute.

e

ey [rayeri)
- R o -
- - -ty . °

In the operat1on of the normal erect1on system of the '

ARX=3 Vert;cal GYtOg the erection rate is 2 degrees per

mmute° Thxs represents 120 seconds or in a 1/50 second

(e

exposureo 2.4 seconds of arc. The maxxmumeallowable motion

in this time is 3 0 seconds (Paragraph 3.4.13.1, Bxhibaﬁ

TLTT

WCLR-481). Thus 80 percent of the allewable steadxness

?}”m margin would be used up with normal erection system9 This
:k would preclude the use o- such a system and requ1re an inte-
;J i grat1ng erectlon systém to be able to meet performance re-
5 .. 'qulrementsu

An 1ntegrat1nv erection system acts asalow pass fiiter,
Accelerations caused by tle normal yaw frequencies of the

aircraft will be filtered out, increasing the steadiness

Q capability. Constant velocity motions such as gyro free

drift; earth rate end earth profile effects will not cause

verticality errors.

The DOACQ output signals of the gyro drive the mount

gimbals through the‘torQuer amplifier and the torquers.

Sanitized Copy Approved for Release 201 0/12/13 : CIA-RDP74B00752R000100100001-4
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Sanitized Copy Approved for Release, supply 10 The take-up spools

will cause an unbalance in the roll axis., The unbalance
will produce a differential torquer current. The weight
shift amplifier operating on this signal drives the weight
shift motor, which is located in the camera, to correct
the unbalance., A - A .

In azimuth, the mount is slaved to a synchro in the
camera sysfem éodtfol box providing drift itiformation°
The azxmuth error signal is amp11f1ed to drxve the totquer
of a HIG-4 single axis gytoo_ The gyro sxgnal operator
dr1ves the azimuth torquer through the azxmuth torquer

amp11fieror The gyro w111 tend to keep the camera st111 in

'spaceo. The gains ate so adjusted that the HIG s1gna1 domzo

natesg prov1d1ng the steadiness requ1red } s

If the a1rcraft executes a turn and remains in the
turn for a consxdgrablelpgr1od of,t1me9 the centriiugal
componeht of accele;ation'adting on fhe gyrb‘pendulum would
drive the gyro off vertical, For this reasom, the gyro
erection ié_cut off when the mount rests in the roll stops.
This permits more rapid recovery of'the mount at the com-
pletion of the turn,

The roll steps are also used to change the gain Of
the a21muth loop during a turn in order to have the drift
signal dominate. This will leave the mount aligned with
the ground track zt the end of the maneuver ..

The power and control unitlprovides all the necessary
reference voltages, time delays, and switching for mount
operation°

A caging me2chanism prevents motion of the camera when
mount power is off, This protects the equipment against

damage due to large angular accelerations.
-5-
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. : III - Thermal Barrier

For the extreme temperature conditions of paragraph
ol 3.8.1 of Exhibit WCLR-481 (300°F and ~100°F at 100,000 feet),
N a heat barrier box willlbe built to enclose the mount and

camera. Cooling w111 be accomp11shed by c1rcu1at1on of a

™~

wateraglycol solutlon through tublng on or in the walls of
the barr1er box., Coolant carry1ng tub;ng w111 be used to
cool crztlcal areas of the mount such as the gyros and

" the torquersq-

The cooled box 1s placed 1ns;de another box mak1ng a

connectxons are made in such a manner as to allow no unbroken

‘ heat paths to the outsidc atmosphereg

When 1n the box the 1solators are removed ftom the

T

' mount and the mount is rigidly fastened to the box° The

A T
. s

Abox is then mounted in the aircraft on suitable vibration

et 2
H

isolators.

A flexible duct type connect1on will be run to the

p7- e

LSUI )

fraﬂe of the window in the skin of the aircraft. It is

preferable that the:window frame be made of some non-heat

conducting material,

The electronic packages will be mounted io a similar
S type box except that this uniﬁ'kill be pressurized and kept
;j at.sea level to pormit air circulation to transfer heat from
the components to the box wails.

Under conditions of extreme cold (~100°F) the coolant

fluid kept at approximately 120°F wiil keep the equipment
'j at proper operating temperatures-and the barrier boxes

will serve as heat retainers.

’66&
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;j IV - Spec1f1cat10n Comments

- -3, 2. 20 Should read "w1th the exception in 3.2.1.0.."

'3 4 13,4 Contract number should read AR 33(038)19825°

f] 3.4.13. 9 Add "or equal” to ‘the end of the first
| sentence,
g] ' 3,8,1 Should read "os..the camera and mount...."

) _ ig Subsequent to shock «~ 7.5 gts

'jo Subsequent to acceleratxon - 4 g*s

4.1, 4 2. (2) Should read 'sccoroom pressure and the
temperature shall be 0°F), S i .-

X
\é

4.1, 4,2.(4) Shouldiread "V1brat1on - In accordance

with procedure I of MIL»B;oosz'zzBo

4.1, 3 5 No commerc1a1 equipment'xs available to

v1brate below 5 cpso Fxgute 1 does not 8o below 5 cpso,

¥ .
% - 5 and 50 CPSo cd o o"‘

i

L
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The heat barriexr box éoés not include design of the
window., Because of the optical problems involved, it is
felt that responsibility for design of the window should
remain with the camera manufacturero. Close liaison will
insure proper cbnnection between the heat barrier box and
the window frame and also.inbure proper window size for
the ray angle patterns involved,

The qualification test program and other in-plant ~
testing at Aeroflex assumes that a dummy camera with the
same weight, cehteg of gravity iocation'and dimensions
critical as to fit, will ‘be made available by thé.camera
manufacturer ten (10) montas after award of the contract°

Although mount caglnn is not spec1f1ca11y called for
in txe exhibit it is decmed necesqary to protect the
equxpment aga1nst damaga» A caging mechanism designed
for greqtest simplicity and minimum_weight would lock
the camera to the mount frame, This method reduires a
taging pin iocated on the caméra body. -

The compact str.cture of the mount makes it necessary
to provide a mégn?ing platform for the vertical gyro on
the camera bodqu | |

The weigi: shifting to.compensate for center of
gravity shif{. due to fiim motion will be accomplished by
the camery manufacturer, with advice from Aeroflex as to
type of -otor and gear ratio.

D awings supplied will be manufacturer’s shop drawings

in accordance with paragraph 3.12.2 of Exhibit WCLR-481.

«8e
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The reliability program will be formulsted within the

following policy‘outline:

1, Translate reliability requirements into quanti«_

tative design parameters.

20 Deéign fdr optimum réquirementsp'

3. Maintain organizational responsibility for imple-

mentingvreliabilityv

4. Promote standardization which contributes to N

| 1mproved reliabi11ty°_

5. Accompllsh testing to measure and 1mprove relxabxlxtym

6o Coordinate data collectxon ~and feedbacko

79; Promote rel;ab111ty p:ograms by subwcontractors

and euppliersa

8.. Keep abreast of and cooperate in Government and

| _;ndustry reliability efforts.

At present the geheral configuration of the system is
known and a predzctxon of the system re11abilxty will be
made on the best avaxlable data of the parts to be used.
Howgver9 in a realistlc ‘and practxcal senseo.thls predxctibﬁ
phase cannot be expected to stand alone as a measure of
system rcliaﬁilityg This is so since all parts do not N
have failure rate &ata though they may be the best available.

In additi019 data available applies to the specific
component alone and dozs not necessariiy consider the COome
ponent in the comtext of a compiete design or with the
exact environmental conditions specified for this eduip»
ment., Furthermoée’D the smal@ ﬁumber of components used
cannot be considered in terms of a random sample. Thus,

L 04

«Qu
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Taiiure rate data WNicCh 1S Daseq On large numbers requires

certain qualifying eSSumptions to be applied to reliability
calculations. '. |

‘The assumption includes the effect of how the component
is used and the environment it must endure. Handlihg in
te:msqu productiong shippingalstofage and_use'is also a
factor. To account for these varietions'oéer laboratory
conditions0 a factor of 1/2 td’1/3 the mean time to‘failure
is . a useful aesuuptmn° | ‘

In additzoa to 1nd1cat1ng a theoret1¢a1 goal of re-’
1iab111tyo another usefu1 purpose of thxs phase would be

to ascertaxn the effect of any component that grossly de»

- grades the :e11ab111ty merely by the fact that 1t is usedcv

k. A good example would be the us& of vacuum tubeso-

: Pa11ure .ates of tubes run consaderably higher than re~

sistors or condensers for exampleo i;gh tube fa11ure rates"

would have a domznating effect on degrading reliability.
The use of transzstors instead of vecuum tubes br1ngs the
fa'lure rate down to a less dominatxng valuco

In terms of the single piece of cquiprient being
frrnished, the greatest éare must be tiken in the design
qtage to_énsﬁg@ the beét_possiblé resulls within the

imited statistical validity of the reiisbility study.

=310~

Sanitized Copy Approved for Release 2010/12/13 : CIA-RDP74B00752R000100100001-4




Froe

MOTOE

Sanitized Copy Approved for Release 2010/12/13 :

ClA- RDP74BOO752ROOO1001 00001-4

7]
[ra——-1

pemay |

A RAN

POWER SUPPLY Lot | ___ WT-SHIFT C
AND S70P5 | AMP o - T T
CONTROL UNIT ' I
EREC T/0V|
- 4 |
W7. SHIFT
| _ MECHANISM
| : e RoLL TORQUE ;
/? 0{‘ S T RO T - XS l t i
W6 LTI | AMP (RoLL) |
' Nyeerical . !
eweo. | _|___ b |
S Rty
PiTeH - -
INTERGRAT -
MG ERELTIN TORQUER }
AMR AMP (PITCH) o
i —ATCH TERPLE !
i
HEATER AMP | ' t
: AZIMYTH i
azmum St 7oROLUEE |
_ - Nazmwra ' ' ;
D G AZIMYTH [ —
Srid Taﬁggﬂ? : GYRPo AZ/M 244 _‘i
l : !
| | |
l E
R S ]
AEROFLEX
Fi6 —/ Aﬁ??‘-é ra,eauae MOUNT”

|



Sanitized Copy Approved for Release 2010/12/13 : CIA-RDP74B00752R000100100001-4

. . _ ¢ s
Foppse [Feolecs FRoan/ - 24" FPANORAW)IC . Coan)sEr, % st 2324

THe Fexint- ELajere. Coz  Nomuwri: .

| /2 3 e 5 § é 7 0 2 /2 /3 /Y /ST Je
: Posecr Mmina t over g el Al o1 ond = | Cosrmnadre Airdsons ! 1
| ~ ! i i . ' |
{_'/iﬁ Ligisony ENG. | i i Sons | ENE | Ty Sum- huresetves —\irmorry efc
| omieea, Pad ENG L Yo ) e da< 7 ] N T - P v
! Se orr Mg, Ez2a
SK& Mecy ENG, 22844 S - —_ T 4 = = - =
i R, Cier eng fide _ _ _ pex i - —+ — = -
! Assoc ENS. EPEITI YTV ! = :
! ASsoc ENT —_— e | - b -
ENa, Cearx, | z /e JsTT _Letomeos - orEICING ~
| Dssioniares: 2 EXa] 'Z'; Fimhe D,
m . A Su3.- 5457 | Das, | N i
9/ e S . 227 Byt~ Paers perm.c Steantup | Dy : H i
= i t
N I
RELimairy . EnG, niperanr (S rorens|  EVasvireon rIEYCS. L] ! ! |
FrR0G6R M| | i N
i Moirsiey Prkog, Bervers DA Hpreo Boos D FivAc b ar7ons |
! TR anl1Crre wRITING — = — - e | o Mpve Boed i i
i i Trer, Desion CeeoeT | g ST L . B7 o fivde Eng RS i
Ormen Mare. Pocor., Predsn) Feasy — Levs  Gerrds.
For. IPaers Pz o CommodenTs Foxl Recimmib.ry_ & ¥5 ~_Finde Paers| Fooevm.| _ | _ !
T opr, Mg I [ A S S— W‘M‘ :
! Frarrs  MFe N s Ve At :
. Sua Pssy 50 s ] | i
Fond,
(O 3T Sun} 334
- - — S _—
; | : | .
| ! i i
e el s e 1 CoNTEAC TS  For - Epurrnie 7T R T
ca) ; . i { i
AErOFLEE . S sl —

Sanitized Copy Approved for Release 2010/12/13 : CIA-RDP74B00752R000100100001-4



AmpPuirmes Thagsis
\‘Lo\
\k e
. B /
L
~
3
A SYNSHRD = r-\Aa.\zw::L Smeae Rote Gmear
Reow. TOR@uErR T \
. \
- AT — S,
\ f !
o N
~ - - ~ [ - N . ~ .
e -
) “yger o 5o ATATION - B - r— ‘ r?,f~\—«-—————~..,! “ r‘ B
- c m X T
M T ) ; |
[t I ! Li* SR S d‘_';i,;'Jﬂ |
: - “ i ziz | PE- M-SATE
’ . | ‘ ‘ 21-802s
. /ol [S— .
l —
| Brew Toraven/ 1
\oes ~

¢ Fusus Dimscron




